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INTRODUCTION

The Governor's Division of Emergency Management has been active in
preparing coastal areas for the impact of hurricanes. The Texas coast
has been divided into five areas for study purposes: Brownsville,
Corpus Christi, Matagorda, Houston-Galveston, and Lake Sabine. Three
studies are anticipated for each coastal area--a relocation/evacuation
study; a vulnerability analysis study; and a contingency planning study.
A1l three studies have been completed for the Houston-Galveston and the
Corpus Christi areas. Relocation/evacuation and vulnerabiltiy analysis
studies are complete for the Lake Sabine area and this report represents
the first study for the Brownsville area. Funding for the present study
was made available by the State of Texas through the Governor's Division
of Emergency Management.

Brochures based on this study are available through the Governor's
Division of Emergency Management (DEM) or Sea Grant College Program at
Texas A&M University. There also is a computer-based ESTED-TX program
for Estimating Safe Time before Evacuation Decisions operated by the DEM
(see Appendix E), Section Five, Evacuations, indicates how these times
can be estimated manually along with Standard Operating Procedures (SOP)
for figuring evacuation times manually found in Appendix D.

To ensure that the results of the study would be acceptable to the

users, three advisory groups were established:
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State and Subnational Advisory Committee

Robert Lansford, State Coordinator
Governor's Division of Emergency Management
Texas Department of Public Safety

Robert Halverson, Assistant Coordinator (Operations)
Governor's Division of Emergency Management
Texas Department of Public Safety

Larry Mooney
National Weather Service
Southern Regional Headquarters

Regional Advisory Committee

Rupert Gamble, Region 3 Liaison Officer
Governor's Division of Emergency Management
Texas Department of Public Safety

Corpus Christi, TX

Richard Hagan, Meteorologist in Charge
National Weather Service
Brownsville Area

Lt. Joseph R. Smith

Region 3

Texas Department of Public Safety
Harlingen, TX

Samuel Cox,

District 21

Texas Department of Highways and Public Transportation
Pharr, TX

Helen Foehner

The American Red Cross

West Cameron County Chapter
Harlingen, TX

Municipal and County Advisory Committee
{Representative Personnel at Meetings)

Ken Jones

Asst, Executive Director

Lower Rio Grande Valley Development Council
McAllen, TX
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Felix Longoria, Coordinator
Raymondville-Willacy County
Emergency Management
Raymondville, TX

Lupita Cavazos
Lyford Emergency Management
Lyford, TX

Judge Moises Vela, Director
Cameron County Emergency Management
Brownsville, TX

George Gavito, Coordinator
Cameron County Emergency Management
Brownsville, TX

George Peck, Coordinator

Brownsville Emergency Management
Brownsviile, TX

Wilmot Wolf, Coordinator
Harlingen Emergency Management
San Benito, TX

Kim Brady
La Feria Emergency Management
La Feria, TX

Bob Kooglar, Coordinator
Laguna Vista Emergency Management
Port Isabel, TX

Robert Harris, Coordinator
Port Isabel Emergency Management
Port Isabel, TX

Jose Raumus
Primera Emergency Management
Primera, TX

Dorothy Barnard, Coordinator
Rio Hondo Emergency Management
Rio Hondo, TX

John A. Adams

San Benito Emergency Management
San Benito, TX
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Juan M. Perez, Coordinator

Santa Rosa Emergency Management

Santa Rosa, TX

Johnny P, Smith, Coordinator

South Padre Island Emergency Management

South Padre Island, TX

John Bridges

Rancho Viejo Emergency Management

Brownsville, TX

The two-county (Cameron and Willacy) study area consisted of 1,450
square miles. The 1980 census indicates a combined population of
227,000 persons.

Hurricanes are classified by wind speed ranges (see Appendix A).

For the purpose of this report, we will consider the following types of

hurricanes:
WIND SPEED (MPH) TYPE HURRICANE
74- 95 A
96-110 B
111-130 C
131 and over D

Table I-11 illustrates a chronology of hurricanes in the two
counties during the 20th Century.

This study is primarily designed to provide data for making
decisions about when evacuations need to be recommended. The informa-
tion also can be used to update county and municipal plans and as a
guide for the district disaster committee., The American Red Cross can
also use it to determine shelter needs for particular areas. Table I-2

indicates these and other relationships.

lIn this study, tables and figures are grouped at the end of each
section or part.
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The data to assist in decision making consist of the following key

items:

Possible surge penetration for hurricanes of varying
intensities. {See surge map inside back cover.)

Critical locations in the area are given along with data that
will indicate road cutoff times by hurricane type for both
surge penetration and wind intensity. This will be given in
hours plus or minus anticipated time of storm center landfall.
(See Appendix B.)

Areas subject to storm surge flooding (Evacuation Zones) and

areas subject to damaging winds from major hurricanes

(Contingency Zones) are shown along with the times it would

take to evacuate these areas. (See fold-out map.)

The first section of this report describes the methodology used
(SLOSH data, the survey and determination of evacuation times}. The
remaining sections are SLOSH Data, Zone Delineations, Survey Results and

Evacuations.



TABLE I~1
HISTORY OF HURRICANE ACTIVITY IN THE STUDY AREA
BY TYPE, 1900-1983

B el e e e e e e e e e
. e S R A SR A S SR P R SR R R SR el e v e ek e D e e

B e e e e e R R

1909 B (B)*

1910 (B) (B)

1916 - (C)

1919 (D) (D)

1933 8,C B,C

1967 C c BEULAH
1980 c c ALLEN
1983 (A) (A) BARRY

b () Indicates Indirect Hit; Al11 Others, Direct
Hit, A=74-95 mph; B= 96-110 mph; C=111~130 mph; and
D=131 mph and over.

SOURCE: Texas Architectural Research Center, Texas A&M
University, College Station, Texas and Paul Herbert
and Glenn Taylor, HURRICANE EXPERIENCE LEVELS OF
COASTAL POPULATIONS FROM TEXAS TO MAINE, National
Hurricane Center, Miami,19765.
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SECTION ONE SUMMARY
METHODOLOGY

Three methodologies used in this study
are discussed, These include the SLOSH
computer model, a survey of area resi-
dents, and a determination of safe eva-
cuation times. The SLOSH model simulates
hurricane wind speeds and storm surge.
The survey is used to estimate shelter
needs, and the number of people evacua-
ting a?ong certain routes. Evacuation
times are based on evacuation route

capacities.






Section One
METHODOLOGY

Three primary methodologies are used in this study. Part Adis-
cusses the SLOSH computer model and how it simulates hurricane wind
speeds and storm surge. Part B details the survey used to develop
estimates of persons and vehicles leaving certain areas for particular
destinations, as well as estimates of shelter needs. Part C indicates

the methods used to determine evacuation times.

Part A: SLOSH

SLOSH (Sea, Lake and Overland Surges from Hurricanes) was developed
for the Brownsville region in 1984, It is a computer model designed to
project {or output) from given information (input data) the flow of
surges over seas, lakes and land {(taking into consideration water
depths, land elevations and man-made constraints such as roads).

The input data for the model consist of:

Initial meteorological conditions that define a hurricane in

terms of time, storm location (latitude and longitude), storm

intensity in millibars (ambient less central pressure of

storm), and storm radius in statute miles (distance from storm

center to maximum winds).

Future storm conditions (at six-hour intervals out to 72
hours)l that provide information on location, intensity and

1A 36-hour mode is possible.



size, Implicit in the storm track is the storm location for
landfall and the speed direction of storm movement,Z

Initial water heights for the Gulf of Mexico. These levels

are relative to mean sea level. An initial height of 1.0 feet

above mean sea level was used for the simulated hurricane

runs.

Based on this input, the SLOSH model numerically solves certain
equations of motion to compute surge.3 This surge is calculated on a
computational polar grid (see Figure 1-1), Strategic placement of this
grid over the Brownsville region allows for fine spacing of grid points
over heavily populated areas and coarse spacing over the Gulf of Mexico.

The grid consists of 54 squares at the top and 69 at the side. The

model contains 3,726 (54 x 69) grid squares or data points. The initial

2Additional technical details of the storm model are contained in
Jelesnianski and Taylor, 1973: A Preliminary View of Storm Surges
Before and After Storm Modifications. NOAA Technical Memorandum, ERL
WMP0-3, Washington, D.C.

3The model numerically solves a set of partial differential equations
of motion. Except for the additional inclusion of the finite amplitude
effect and horizontal viscosity, the equations are given by
Jelesnianski, Weather Review, 95, 740-756. Coefficients for surface
drag, eddy viscosity and bottom slip are exactly the same as used in the
SPLASH (Special Program to List the Amplitudes of Surges from
Hurricanes) model by Jelesnianski, 1972: 1. Landfall Storms. NOAA
Technical Memorandum, NWS TDL-46, Washington, DB.C. There is no
calibration or tuning to force agreement between observed and computed
surges, that is, the coefficients are universally set as constants, once
and for all, and not varied locally for a particular geographical
region, The model is used in a forecast mode; there is no requirement
for dinput boundary values during surge activity (e.g., tide gauge
regdfrgs or computed boundary surge values from an alternate surge
model).
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size of the grid square is 0.4 mile in the more critical areas and 3.9
miles at the extremities. This gives greater accuracy in the more
critical areas and less accuracy in the Gulf of Mexico. Each grid point
can be identified by coordinate numbers.

Using X and Y coordinates, 30 grid squares or data points were
identified as critical areas requiring more detailed data. These grid
points are listed in Table 1-1.

Based on the input data, SLOSH produces the following output:

A forward projection in time of the surge envelope4
(penetration and height) at the time of landfall.

A composite of these surge envelopes that shows the maximum
surge penetrations and heights for the entire time period.

For each of the 30 selected data points, SLOSH projects the
surge height, wind speed and wind direction in 10-minute
intervals for about 18 or more hours (depending on movement
speed) before landfall and 12 hours after landfall.

Interpretation of the model output must be considered in view
of the following constraints:

Given accurate input data for the storm's tract and meteoro-
logical parameters, the computed surges are estimated to be
within plus or minus 20 percent of the observed water levels.
That is, if surge is predicted to be 10 feet in a certain data
point, the actual surge could range from 8 to 12 feet. With
inaccurate forecasting of movement speed, direction, wind
speed and point of landfall, the error level could be greater.

Terrain features of the Brownsville region were taken from
quadrangular maps of the U.S. Geological Survey. Addition-
ally, critical areas were field surveyed by National Hurricane
Center personnel in 1983.

4The surge envelope is produced on nine pages of computer printouts
that, when taped together, show the surge height for each of the 3,726
data points. The surge height for each point is then subtracted from
the land elevation to give surge penetration and height.
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The forecast water height for each grid point represents an
average condition over a grid square. Water depths above
ground level for specific areas of each grid must be
determined from a knowledge of the terrain heights in each
specific grid square.

The model does not consider:

Wind-generated waves;
Rainfall;

Astronomical tidal effects;5
River flooding.

The wind speeds indicated in the 10-minute intervals are 10-
minute sustained winds. These sustained winds were translated
into gusting by multiplying them by 1.69 for areas in
proximity to the coast, and by 1.30 for inland areas.

Table 1-2 1ists simulated storms run through SLOSH. Their
tracks are displayed in Figure 1-2.

SInterpretive methods for the critical data points address the astro-
nomical tidal effects by adding 1.0 foot for high tide and subtracting
1.0 foot for low tide.
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FIGURE 1-1: POLAR GRID
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Part B: Survey

A copy of the survey questionnaire js shown as Figure 1-3, while
the accompanying directions are reprinted as Figure 1-4, This telephone
survey used a minimum number of questions to obtain the necessary infor-
mation. The questionnaire was pretested for clarity. The sample was
randomly selected from current telephone directories for the following
communities. The number selected follows: Bayview (50), Brownsville
(200), Harlingen (138), Laguna Heights (50), Laguna Vista (50}, Los
Fresnos (100), Lyford (30), Port Isabel (150), Port Mansfield (100),
Raymondville (170), Rio Hondo (6), San Benito (56), San Perlita (50},
and South Padre Island (100). This totaled 1,250 family units in the
study area.

A training session was held to instruct volunteers on correct
telephone interviewing techniques. To avoid a survey bias, attempts
were made to reach each household at different time periods (morning,
afternoon and evening or weekend) before it was labeled "unable to
contact." Of the 1,250 telephone questionnaires, 1,011 were completed--
a response rate of 80.9 percent.

Questionnaires were sorted by zones (to be discussed in Section
3). If response totals for any zone were small, they were averaged with
those of contiguous areas to obtain an estimate. It was assumed that
the values obtained for each zone were representative of that zone.

A computer program was written to evaluate the survey data. The
following estimates were determined for each zone in the study area:

Percent of total households evacuating.
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Percent of total households not evacuating but staying in
local shelters.,

Average number of vehicles per evacuating household.

Percent of total vehicles proceeding in each evacuation direc-
tion (see Figure 1-5 for direction of evacuation).

The total 1980 population and occupied household census counts
projected to 1987 were then applied to the survey results to obtain the
following estimates by census tract:6

Number of households evacuating.

Number of vehicles from evacuating households by direction
of evacuation (see Figure 1-5 for direction of evacuation).

Number of persons staying in local shelters,

Number of persons seeking shelter, by specific cities.

5Projection data was interpolated from Rio Grande Valley of Texas:
Valley Goals 2000, Rio Grande Valley Chamber of Commerce, 1983.
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FIGURE 1-3: EVACUATION SURVEY
Attempts Made:

Morning Afternoon Evening or Weekend

EVACUATION SURVEY

Is this (telephone number)? If a child answers, ask for a parent.

* * * * * *

This is {(name of person calling) from (organization or institution). We are making a
survey to determine what people's intentions are regarding hurricane evacuation,
This information will be used to help develop a long range evacuation plan for (name
of county) county. Would you be willing to answer a few questions? If "yes"
proceed; if "mo" thank them for their time and proceed to the next call.

* * * * * * *

If the local authorities recommend that you evacuate, would you leave?

If Myes" ask If "no" ask

Would you plan to stay:

with friends

in a motel, or

in a shelter if available

What form of transportation would you use?

(if by own vehicle ask: Would you be taking

more than one vehicle? Yes No )

Conclude call and thank them for their time.
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1.

FIGURE 1-4: SURVEY DIRECTIONS
DIRECTIONS

Each telephone number should be called at least three times before
it is placed in a no-answer category. One contact should be during
a morning hour, one during an afternoon hour, and one during a night
or weekend time. The order of morning, afternoon, and night or
weekend can be changed to night, morning, afternoon, and so forth.
If we do not follow this procedure, we will have a bias survey of
people who are home at certain times of the day. Please check the
forms to indicate each time contact was attempted. This will enable
us to know that each non-contacted number was tried three different
times.,

The telephone number is the key to the proper source of information.
Even if the name of the people at the telephone number is different,
the number determines the correctness of the call.

The names on the questionnaires such as "Charles Black" or "John
Doe" merely indicate the names as they are listed in the telephone
directory. Do not ask for "Charles" or "John;" otherwise we will
find out only what the males think. Rather, talk to the person
answering the phone if possible (unless a child answers).

Try not to influence the answers people give. We are not interested
in convincing them about what is right or wrong (at this point}, but
merely trying discover what they think., Otherwise the survey will
be invalid.

What you are to ask on the phone is in normal type; directions are
in italics.

If the family cannot speak English and can only understand Spanish,
write SPANISH on the top of the questionnaire and return it. They
will later be contacted by someone fluent in Spanish.

In the event of a hurricane in the Gulf of Mexico, do not make phone
calls to an area under a hurricane "watch" or "warning."

The label on the questionnaire on front is coded as follows:

Name listed in Telephone Directory

Cariton Ruch 8453061
4304 Maywood
Bryan, Texas 77840
Telephone number
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Part C: Evacuation Times

Evacuation times are based on estimates for evacuating vehicles to
travel available routes to destinations beyond the hazardous area.
These routes are indicated on the Evacuation and Contingency Zones fold-
out map inside the back cover of this report.

The evacuation route capacity7 estimates are based on a 20 percent
reduction of the estimated route capacity under ideal conditions. The
following capacity estimates were used (the quantities are vehicles per

lane per hour in a single direction):

Freeway (limited access) facilities 1,600
Two-lane facilities (one lane in each direction) 800
Narrow or roads in poor condition 500-700

Overall operating speeds under evacuation conditions on freeways
are assumed to be between 20 and 30 miles per hour in the absence of
other constraints. Within this range, variations in operating speed
would have no significant impact on lane capacity because vehicle spac-
ing will "close up” as speed decreases.

After determining the route capacities, the number of vehicles (of
persons indicating they would evacuate if it were recommended) that
would need to traverse the route was divided by the route capacity for
each evacuation zone (to be described later). This was done for
hurricanes with winds of 130 mph or Tess. For hurricanes with winds

exceeding 130 mph, the entire study area {(Evacuation and Contingency

’Evacuation route capacity is defined as the maximum number of vehicles
that can pass over a given section of roadway during a given time
period.
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Zones) was considered as an integrated system. In this case the total
number of vehicles the family units in the area would use in evacuating
was divided by the hourly evacuation route capacity to arrive at an
evacuation time.

The survey results were used in conjunction with projected 1987

population data to estimate the number of vehicles evacuating.
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SECTION TWO SUMMARY
SLOSH DATA

SLOSH (Sea, Lake and Overland Surges from
Hurricanes), developed for Brownsville in
1984, takes initial meteorological con-
ditions, future storm conditions and
initial water heights of the Gulf of
Mexico to produce a forward projection in
time of surge envelope, time of landfall
and maximum surge penetrations., For 30
key data points (such as evacuation
routes) surge heights and wind speeds are
projected in detail. Data interpretation
is subject to the constraints imposed by

assumptions made in the analysis.






Section Two
SLOSH DATA

The SLOSH data presented in this section describe wind and surge
threats posed by various types of hurricanes. The data should assist in
necessary decision-making when hurricanes pose threats to the study
area. There are three parts to this section. The first, Part A, con-
tains the estimated maximum surge penetration possible for various storm
intensities. Part B explains the use of additional information supplied
by selected data points. Finally, Part C contains the use of hourly

tidal and gusting data.

Part A: Maximum Surge Penetration

Maximum surge penetration for each wind speed classification repre-
sents a composite of simulated hurricanes with similar wind speeds. The
windspeeds are grouped into four classifications: 74 to 95 mph; 96 to
110 mph; 111 to 130 mph; and 131 mph or greater. It is important to
note that no single hurricane in any of these classifications will
produce the maximum surge,

Surge lines are drawn from the midsections of grid squares. Surge
penetration is shown when the average land elevation of a grid square is
less than the SLOSH-projected surge elevation of that grid square.

Since projected surge elevation can be plus or minus 20 percent of the



actual surge elevation, the surge line projections must be interpreted
accordingly. A composite map of storm surge penetration by hurricane

wind speed is inside the back cover of this report.

Part B: Data Points

More specific information has been extracted from selected SLOSH
simulated hurricanes for 23 critical evacuation route locations from the
30 data pointsl (see Table 1-1 for a listing of data point locations).
The 30 data points within the study area are displayed in a map inside
the back cover of this report. Figure 2-1 shows the locations of data
points outside the study area.

Appendix B contains one page of data for each of the 23 selected
data points. Each page has decision-making information calculated for
73 different hurricane types. When a hurricane enters the Gulf, an
estimate can be made of which of the 73 hurricane types it will most
closely resemble. The interpretive information for that particular
hurricane can then be used to obtain the general estimates required for
initial decision-making.

The 73 key hurricane types displayed for each of the 23 selected
data points in Appendix B are based on the following rationale:

A11 hurricanes making landfall 40 miles left of the mouth of

the lower Laguna Madre were disregarded due to the unreliable

data. Only artificial grid square height and Gulf of Mexico

depth were used for areas on the Mexican side of the Rio

Grande. Real data were not available for SLOSH model develop-

ment, and these artificial data resulted in inaccuracies for
even the Texas side of the Rio Grande,

1SLOSH Data Points 1 through 23.
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With this constraint in effect the most accurate data for a
worst case scenario for the Brownsville area would be hurri-
canes making landfall 20 miles left of the mouth of the lower
Laguna Madre. From that point of impact two different direc-
tions were calculated (2700 and 3000) for four different
forward movement speeds (5 mph, 10 mph, 15 mph and 20 mph).
This resulted in eight hurricanes for each wind speed
category.

The wind speed categories normally would be classified
according to the Saffir-Simpson scale of:

74- 95 mph
96-110 mph
111-130 mph
131~155 mph
Over 155 mph

The simulated hurricanes indicated that, for some conditions,
hurricanes with wind speeds of 131 to 155 mph produced greater
surge conditions than hurricanes with wind speeds in excess of
155 mph., This anomaly was caused by the smaller radius of
maximum winds (10 miles) for hurricanes with wind speeds in
excess of 155 mph than was used for hurricanes with wind
speeds of 131 to 155 mph (20 miles). Wind speeds in excess of
155 mph do not permit the development of as large a radius of
maximum winds. As a result of this anomaly, data were
generated for both wind speed categories (131-155 mph and 155-
plus mph) and then collapsed into one category (131 mph and
over), using the maximum conditions for both categories.

To consider the effects of a hurricane making landfall further
north along the Texas coast, the same analysis was made for
hurricanes impacting 60 miles right of the mouth of the
Tower Laguna Madre as was used for landfall 20 miles left.

Because of the potential of hurricanes following the coast-
1ine, parallel moving hurricanes were considered. The worst
case paralleling hurricanes for the Brownsville area were
selected. For hurricanes heading north northwest (3450) it
was a point of impact at the mouth of the lower Laguna Madre,
while for hurricanes heading southwest (2350) the point of
landfall was 20 miles left of the mouth of the lower Laguna
Madre. Hurricanes paralleling the coastline, according to
personnel of the National Hurricane Center, cannot achieve
sustained winds in excess of 130 mph.

The following types of data are given for each hurricane (see

Appendix B):



The number of hours before (or after, in a few cases) the time
of landfall when wind gusts (50 to 55 mph) could tip trucks,
buses, vans or recreational vehicles, along with the direction
the wind would be blowing at that point in time. Also, the
estimated number of hours these gusting conditions would
continue if the forward movement speed is constant. The
identical information is then repeated for the wind gust
conditions (65 to 70 mph) that could tip automobiles.

The number of hours before (or after, in a few cases) the time
of landfall when storm surge can block egress routes. These
times are given for low tide, MSL and high tide conditions,

The maximum high tide surge that can be anticipated at that
location. The elevation at that point is subtracted from
maximum high tide surge to obtain the surge above ground
level.

The following cautions are given at the beginning of Appendix B:

Caution 1: Wave action and rainfall not included in
calculations.

Caution 2: Errors of plus or minus 20 percent possible for
peak surges with accurate initial data. For esti-
mating, this error range can be generalized to
other data.

Caution 3: Forward movement speeds of 15 mph are based on
averaging the 10 mph and the 20 mph conditions.

High and low tide calculations were based on a 1.0 foot increase
above mean sea level and a 1.0 foot decrease from mean sea level. Since
tides vary at different times and in different places, actual estimates
for low or high tide variations should be adjusted accordingly. An

example follows:

Data Based on Tidal Actual Tidal
Variation of 1.0 foot Variation of .5 feet
Low Tide Flooding FTOL ~2.0 (hours) -3.,0
MSL Flooding FTOL -4,0 (hours) -4.0
High Tide Flooding FTOL -6.0 (hours) -5.0
Maximum High Tide Surge 10 feet 9.5
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Part C: Hourly Tidal and Wind Speed Data

To have a perspective of a hurricane's impact. It is useful to
know the anticipated tidal conditions before and after landfall. Data
in Appendix C 1ists hourly tidal height 24 hours before (or when the
data began) and 12 hours after the anticipated time of landfall. The
maximum highest anticipated surge above MSL alsp is indicated. This
information is displayed for 14 different hurricanes (with varying
intensities) for four data points along the Gulf Coast and two in the
lower Laguna Madre., Each data point can give an array of hourly surge
conditions for its respective location. Hourly tidal data is also
given for the mouth of the Arroyo Colorado, as are sustained wind

speeds on an hourly basis for the Brownsville International Airport.



SECTION THREE SUMMARY
ZONE DELINEATIONS

Two types of zones are identified---
Evacuation and Contingency. Evacuation
zones are those areas threatened by storm
surge penetration, while Contingency
Zones are those areas threatened by con-
siderable wind damage from hurricanes
with winds in excess of 130 mph, Zones
are delineated by roads, shoreline, or

county and municipal boundaries.






Section Three
ZONE DELINEATIONS

This section contains a rationale for zone delineations (Part A},
the zone delineations themselves (Part B), and a boundary description of

these zones (Part C).

Part A: Rationale

7one delineation identifies areas threatened by hurricane winds and
storm surge. Once the threatened areas are jdentified, zones are
delineated on the basis of roads, shorelines, or county and municipatl
boundaries.

There are two types of zones--Evacuation and Contingency. Evacu-
ation Zones are those areas that could be penetrated by storm surge.
Contingency Zones are those areas that could experience considerable
wind damage from hurricanes with sustained winds exceeding 130 mph,
Figures 3-1 and 3-2 illustrate the location, by county, of these zones
(Part B). A fold-out map bound inside the back cover is a composite of

both counties.



FIGURE 3-1
FIGURE 3-2
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Evacuation Zones: Arsas thal can be flooded by storm surge.
£ tion showid be idered for hurricanes with sustained
winds up to 130 mph.

Contingency Zones: Areas subject to dangerous winds from
hurricanes with sustained winds in excess of 130 mph.
Evacuation should be considerad for hurricanes with

sustained winds over 130 mph.

[CJ Evacuation Zone (subscript numbers)
] Contingency Zone (subscript letters)

=—=se Evacuation Routes

0 5 10 MILES
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Evacustion Zones: Areas thal can be flooded by slorm surge.
Evacuation should be considered for hurricanes with susteined
winds up to 130 mph,

Contingency Zones: Areas subject lo dangerous winds from
hurricanes with sustained winds in excess of 130 mph.
Evacuation should be considered for hurricanes with

sustained winds over 130 mph.
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CAMERON COUNTY
WILLACY COUNTY

Part C:

Boundary Descriptions
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CAMERON COUNTY

EVACUATION ZONES

ZOKE C, .

The northern boundary begins at the Brownsville
Ship Channel .30 mile north of Clark Island, East
along Brownsville Ship Channel to .50 mile past
the east shore of Brazos Island.

The eastern boundary begins .50 mile past the east
shore of Brazos Island on Brownsviile Ship
Channel, South along Gulf of Mexico to where Boca
Chica Island east shoreline ends on the Rio
Grande.,

The southern boundary begins where Boca Chica
Island east shoreline ends on the Rio Grande.
West along the Rio Grande to .25 mile south of
where an unpaved road branches north from Highway
4,

The western boundary begins at the Rio Grande .25
mile south of where an unpaved road branches north
from Highway 4. Northeast along this unpaved road
to the Brownsville Ship Channel., HNortheast along
the Brownsville Ship Channel to .30 mile north of
Clark 1Island.

ZONE C,,

The northern boundary begins where Highway 77 and
Highway 100 meet. East on Highway 100 to Highway
1575, North .55 mile on Highway 1575 +to Whipple
Road. East on Whipple Road to Highway 1847,
North on Highway 1847 to Highway 510. East on
Highway 510 to the Laguna Vista City boundary.
51ightly northeast, approximately 6 miles, to .75
mile east of the Gulf Intracoastal Waterway, 4
miles northeast from the intersection of Highway
100 and Highway 1792

The eastern boundary begins at a point in the
Laguna Madre .75 mile east of the 6ulf
Intracoastal Waterway, 4 miles northeast from the
intersection of Highway 100 and Highway 1792,
Southeast along the Laguna Madre to the
Brownsville Ship Channel .30 mile north of Clark
Island.
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The southeastern boundary begins at Brownsville
Ship Channel .30 mile north of Clark Island.
Southwest along the Brownsville Ship Channel to an
unpaved road. Southwest along this unpaved road to
Rio Grande .25 mile south of Highway 4. Southwest
along the Rio Grande to one mile east of the
intersection of Highway 4 and Highway 1419,

The southwestern boundary begins at Rio Grande one
mile east of the intersection of Highway 4 and
Highway 1419, HNorthwest to Highway 4, then west
.30 mile on Highway 4 to Dklahoma Avenue, then
north on Oklahoma Avenue to Travis Road, and then
west on Travis Road to Highway 511. Northwest on
Highway 511 to Highway 77, then northwest on
Highway 77 to Highway 100.

ZOME Cy:

The northern boundary begins where the Sand and Mud
Flats begin on Willacy-Cameron county line. East
along Willacy-Cameron county line to Gulf of Mexico
.50 mile east of the Padre Island shoreline.

The eastern boundary begins .50 mile east of the
Padre Island shoreline on Willacy-Cameron county
1ine, South along Gulf of Mexico to the tip of
Brazos Island on the Brownsville Ship Channel,

The southern boundary begins at the tip of Brazos
Island on the Brownsville Ship Channel. West along
the Brownsville Ship Chanmel to .30 mile north of
Clark Island.

The western boundary begins at the Brownsville Ship
Channel .30 mile north of Clark Island. North
along the Laguna Madre to where the Sand and Mud
Flats begin on the Willacy-Cameron county line.

ZONE 64:
The northern boundary begins where the Willacy-
Cameron county 1line and OImito MNorth Road meet.
East, northeast, and then east along the Willacy-
Cameron county line to where the Sand and Mud Flats
begin.

The eastern boundary begins where the Sand and Mud
Flats begin on the Willacy-Cameron county 1line,



Southeast approximately 21 miles along Laguna
Madre to a point .75 mile east of the Gulf
Intracoastal Waterway, 4 miles northeast from the
intersection of Highway 100 and Highway 1792

The southern boundary begins at a point in the
Laguna Madre .75 mile east of the Gulf
Intracoastal Waterway, 4 miles northeast from the
intersection of Highway 100 and Highway 1792.
Southwest across Laguna Madre to the northern
boundary of Laguna Vista. South .25 mile along
the western boundary of Laguna Vista to Highway
510. West on Highway 510 to Highway 1847.

The western boundary begins where Highway 510
fatersects with Highway 1847, North on Highway
1847 to Highway 106, then west on Highway 106 to
01mito North Road, and then north on 0Imito North
Road te Willacy-Cameron county line,

CONTINGENCY ZONES

IONE C,:

The northeastern boundary begins where Highway 77
and Highway 511 meet. Southeast, and then south
on Highway 511 to Travis Road. East on Travis
Road to Oklahoma Avenue, then south on Oklahoma
Avenue to Highway 4. East .30 mile on Highway 4,
then southeast to the Rio Grande.

The eastern and southwestern boundary begins at
the Rio Grande. South, west, and then northwest
along the Rio Grande to Flor De Mayo Road.

The western boundary begins where the Rio Grande
and Flor De Mayo Road meet. Northeast along Flor
De Mayo Road to Highway 3248. MNorth and Northeast
on Highway 3248 to Highway 77. North on Highway
77 to Highway 51l.

IONE Cp:

The northern boundary begins where Willacy-Cameron
county line and Highway 77 meet. East, north and
then northeast along the Willacy-Cameron county

line to 0lmito North Road.

The eastern boundary begins where Willacy-Cameron
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county 1ine and OImito North Road meet. South on
0lmito North Road to Highway 106. East on Highway
106 to Highway 1847, and then south on Highway 1847
to Whipple Road.

The southern boundary begins where Highway 1847 and
Whipple Road meet. West on Whipple Road to Highway
1575, South on Highway 1575 to Highway 100, and
then west on Highway 100 to Highway 77.

The southwestern boundary begins where Highway 1060
and Wighway 77 meet. MWNorthwest on Highway 77 to
the city boundary line of San Benito. Follow San
Benito city boundary line southwest until it meets
Highway 77 again, Northwest on Highway 77 to the
city boundary line of Harlingen. Follow Harlingen
city boundary line southwest until it meets Highway
448, Northwest on Highway 448 to Highway 77.
Northwest on Highway 77 to Willacy-Cameron county
1ine.

WILLACY COUNTY

EVACUATION ZONES

ZONE W:

The northern boundary begins one mile west of where
Willacy=-Kenedy county line crosses the western
boundary of Padre Island National Seashore, East
along the Willacy-Kenedy county line .50 mile past
the eastern boundary of Padre Island National
Seashore.

The eastern boundary begins .50 mile past the
eastern boundary of Padre Island National Seashore.
Southeast along Gulf of Mexico to the Willacy-
Cameron county line.

The southern boundary begins at the Willacy-Cameron
county 1ine, West along the Willacy-Cameron county
Tine to Laguna Madre where the Sand and Mud Flats
end.

The western boundary begins where the Sand and Mud
Flats end on the Willacy-Cameron county line.
Northwest along Laguna Madre to Willacy-Kenedy
county 1ine,



ZONE Hz:

The northern boundary begins at the Willacy-Kenedy
county line approximately 8.5 miles east of
Highway 77. East along the Willacy-Kenedy county
1ine to one mile west of the western boundary of
Padre Istand National Seashore.

The eastern boundary begins at the Willacy-Kenedy
county line one mile west of the western boundary
of Padre Island National Seashore. Southeast
along Laguna Madre to where the Sand and Mud Flats
begin on Willacy-Cameron county 1ine.

The southern boundary begins where the Sand and
Mud Flats . begin on Willacy-Cameron county 1line.
West, southwest, and then west along the Willacy-
Cameron county line to Highway 1420,

The western boundary begins where Willacy-Cameron
county line crosses Highway 1420. North on
Highway 1420 to Highway 497. West .50 mile on
Highway 497 to the road one mile east of Highway
2209. MNorth along this road to its end. Due
north from the end of the road approximately 5
miles to the Willacy-Kenedy county line
approximately eight and a half miles east of
Highway 77.

CONTINGENCY ZONES

ZONE HA;

The northern boundary begins where Willacy-Kenedy
county 1line crosses Highway 77. East
approximately 85 miles along the Willacy-Kenedy
county line.

The eastern boundary begins at the Willacy=-Kenedy
county 1ine. South approximately 5 miles to the
road one mile east of Highway 2209, then south
along this road to Highway 497, East along
Highway 497 to Highway 1420. South along Highway
1420 to the Willacy=Cameron county 1line.

The southern boundary begins where Highway 1420
crosses the Willacy-Cameron county line. West
along the Willacy-Cameron county line to the city
boundary 71ine of Sebastian,

The western boundary begins where the Willacy-~
Cameron county line and city boundary line of
Sebastian meet. MNorth and then east along the
western city boundary line to Highway 448,  HKorth
along Highway 448 to the city boundary line of
Lyford. Northwest, north, and then east along the
western city boundary line of Lyford to Highway
448. North along Highway 448 to Raymondville city
boundary line. West, north, and then east around
western city boundary line to Highway 448, North
along Highway 448 to Highway 77, then to the
Willacy=-Kenedy county line,



SECTION FOUR SUMMARY
SURVEY RESULTS

The survey sample was randomly selected
from the most current telephone
directories. The data were analyzed to
estimate the number, based on 1987
population estimates, of households
evacuating, households staying in local
shelters, number of vehicles per evacu-
ating househo]d,'and total vehicles using
certain routes to evacuate. Most people
in Cameron and Willacy counties choose to
evacuate to'Corpus Christi, San Antonio,
Austin, Houston or Dallas. The data were
also used to determine the percent of
population needing shelter in certain

areas for moderate-type hurricanes,






Section Four
SURVEY RESULTS

The results of the survey (described in Section One METHODOLOGY)
are divided into the potential number of vehicles evacuating (Part A)

and where people will be seeking shelter (Part B).

Part A: Potential Number of Evacuating Vehicles

In order to determine evacuation times, estimates need to be made
on the number of vehicles that will be using the available evacuation
routes for each zone. Two estimates were made for each zone. One uses
only the percentage of those who indicated they would evacuate if so
advised, and one uses 100 percent evacuation.

It should be noted that vehicle estimates are based on 1987 popula-
tion projections. The information can be seen by county in Tables 4-1
and 4-2. The indicated directions are based on trip destinations
identified in the behavioral survey (See Figure 1-5).  Primary destina-
tions indicated by the directions are:

1. Corpus Christi, San Antonio, Austin, Houston, and Dallas

2. Laredo

3. Harlingen

4, McAllen

5. Small communities

6. Brownsville and Mexico
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Part B: Shelter Data

The information on shelter requirements resulting from the survey
should be useful for The American Red Cross and other groups providing
shelters. The data in this section merely indicate the intention of
survey respondents to seek shelter in various areas. No consideration
was given to the availability of shelters in these areas or to the
advisability of seeking shelter in these areas.

The number of persons seeking shelter was based on 1987 population
projections., These figures do not include persons who indicated that
they would seek shelter with friends or in a motel, but only those who
indicated that they would plan to stay in a public shelter in that area
if available,

The estimated number of persons seeking shelter, by county and
zone, are displayed in Tables 4-3 and 4-4, The categories indicated are
described below:

Number of persons seeking local shelter: This is based on the

percentage of non-evacuating households who indicated that

they would stay in local shelters.

Number of persons seeking shelter in cities in study area:

This is based on the percentage of evacuating households who

indicated they would stay in shelters in cities in the study

area,

Number of persons seeking shelter outside the study area:

This is based on the percentage of evacuating households who

indicated that they would stay in shelters in cities outside

the study area.

The shelter requirements for the key cities are indicated at the

bottom of these tables by source (local, from evacuation zones and from

contingency zones).
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A composite of these tables for all counties is displayed in Table
4-5, An indication of the number of persons who would seek shelter in
cities outside the study area is shown in Table 4-6.

These figures indicate sheltering needs for moderate-type hurri-
canes, For hurricanes with winds in excess of 130 mph, it would be
anticipated that fewer people would seek local shelter or shelter in
some other city in the study area because of the hazard of remaining in
these areas. At the same time, a hurricane with winds in excess of 130
mph could generate a virtual 100 percent evacuation of the study area,
which would increase the number of persons seeking shelter in cities

outside the study area.
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TABLE 4-5

COMPOSITE SHELTER DEMAND

FOR TWO-COUNTY AREA

NUMBER PERSONS SEEKING
NUMBER PERSONS SEEKING SHELTER IN CITIES

NUMBER PERSONS SEEKING
SHELTER OUTSIDE
STUDY AREA

AS T O S S S S SRS ST S T sk e T R D 5 e e e D D U ek R OB GD D D b e ey D A T e e e e R S S 4B A A T e e S R D B e = = = e = = e

WILLACY
EVAC ZONE
CONTIN ZONE

CAMERON
EVAC ZONE
CONTIN ZONE

R SD AR D D ER R R P D D AL ek kG SR S RS SR D B SR S s S A S SR D A A b e e N R S A s A A AP S Em e R TR TR D SR R P AR AP B e e e e A e e

TOTAL AREA
EVAC ZONE
CONTIN ZONE

LOCAL SHELTERS IN STUDY AREA
4,351 107
4,351 107

465 422
41,924 3,174
42,389 3,596

465 422
46,275 3,281
46,740 3,703
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TABLE 4-6
NUMBER OF PERSONS SEEKING SHELTER
IN CITIES OUTSIDE STUDY AREA

FROM FROM

CITY CONTINGENCY ZONES EVACUATION ZONES TOTAL
CARRIZO SPRINGS 53 39 92
HOUSTON 356 i 356
LAREDO 1,462 36 1,498
LUBBOCK 53 S 53
MCALLEN 825 73 898
RIO GRANDE CITY 469 S 469
SAN ANTONIO 1,348 146 1,494
MEXICO 1,537 18 1,555
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SECTION FIVE SUMMARY
EVACUATIONS

Evacuation times are based on estimates
for evacuating vehicles to travel avail-
able routes to areas not threatened by
the hurricane. Road capacities are re-
duced by 20 percent and operating speeds
are assumed to be 20-30 mph to accommo-
date for the less than ideal conditions
of hurricane evacuation. The estimated
number of evacuating vehicles is based on
survey results and projected 1987 popu-
lation data. A method was then developed
to allow local officials to determine the
safe time (before roads are closed due to
flooding, etc.) remaining before an eva-
cuation decision must be made. The
method can also be used on most micro-

computers through the program ESTED-TX,






Section Five
EVACUATIONS

Part A in this section details evacuation times for zones, Part B
discusses evacuation routes and capacities, and Part C indicates how
these evacuation times can be used to estimate the time when evacuation

may need to be recommended.

Part A: Evacuation Times for Zones

Table 5-1 indicates the minimum time (in hours) required to eva-
cuate vehicles within each evacuation and contingency zone both for
partial (evacuation zones only) and for complete evacuation (for evacua-
tion and contingency zones).

The partial evacuation figures are for hurricanes with winds of 130
mph or less, while the total evacuation is for hurricanes with winds in
excess of 130 mph.

Two cautions must be made about calculating minimum evacuation
times, First, the minimum times assume the full use of evacuation
routes over the entire evacuation period., If one route develops a
backlog of vehicles, evacuees will choose or be directed to alternative
routes, Or, if routes are not fully used at the beginning of the
evacuation period, the total time required will be greater. Second, the
calculations assume that there are no other vehicles on the roadway

traveling in the same direction as the evacuating vehicles.



Part B: Principal Evacuation Routes and Capacities

This part includes a description of the principal evacuation routes
and route capacities. The Evacuation and Contingency Zone Map in the
back of this report illustrates the principal evacuation routes of the
highway network.

Only the evacuation zones would need to be evacuated for hurricanes
with winds of 130 mph or less, and evacuation times account only for
those who indicated that they would evacuate if so advised. Each zone
was considered individually, with times based on the number of
evacuating vehicles divided by the hourly capacity of principal
evacuation routes.

The major evacuation routes for each zone are:

Co  (Since C3 evacuates before C> both are treated as having
the same evacuation routes--see C3-)

€3  TX 100 and TX 48
cq FM 510

W3 (A1l vehicles would need to pass through C3; see above.)

W FM 497
Calculations of the times for each zone were as follows:

Zone C3 would have an estimated 80 vehicles evacuating on TX
4, which has an estimated hourly capacity of 500 vehicles.
The evacuation time was set at .5 hours for this limited
number of vehicles, despite the fact that TX 4 is in poor
condition.

In zone C» the primary center of population, Port Isabel,
evacuates after South Padre Island. Hence, zones €2 and C3
have to be considered as one unit served by TX 100 and TX 48,
The hourly capacity for these two routes was figured at about
800 vehicles per hour for each highway for a total of 1,600
vehicles per hour. The estimated number of evacuating
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vehicles from these two zones was 4,130 (C, at 3,437 and C3 at
693). Added to these 4,130 vehicles are the seasonal visi%ors
to South Padre Island. It is estimated that there are 3.5
tourists per vehicle and that during June, July and August
there are 25,000 tourists; during September and October,
12,000 tourists; and during November, 3,000 tourists. This
produces an estimated 7,143 vehicles for June, July and August
(25,000/3.5), 3,429 vehicles (12,000/3.5) for September and
October and 857 vehicles (3,000/3.5) for November. Adding
these seasonal vehicles to the 4,130 residential vehicles
gives a total of 11,273 vehicles (4,130 + 7,143) for June,
July and August; 7,559 (4,130 + 3,429) for September and
October; and 4,987 (4,130 + 857) for November. Dividing these
vehicles by the hourly route capacity the evacuation times
(rounded to the nearest half hour) are 7.0 hours for June,
July and August (11,273/1,600); 4.5 hours for September and
October (7,559/1,600); and 3.0 hours for November
(4,987/1,600). It should be noted that in an extreme
emergency it is possible to have two outbound lanes on TX 100
which could lead to an additional 800 vehicles per hour eva-
cuation capacity. This could reduce the evacuation time by
one-third., However, it was felt by the local advisory group
that this option should not be figured into the evacuation
times, but reserved for an extreme emergency condition.

Zone C4q would have an estimated 594 vehicles evacuating, The
primary evacuation route is FM 510 with an hourly capacity of

800 vehicles per hour. This would lead to an estimated 1.0
hour evacuation time.

Zone Wi has no development. However, if any vehicles come
from zone Wi in the future, they would still need to go
through zone C3, Therefore, W] was considered to have the
same times as zone C3.

Zone Wy has 476 evacuating vehicles (see Table 4-2). These

vehicles would use FM 497 with an estimated 800 vehicles per

hour capacity. Therefore, the evacuation time was estimated

to be .5 hours.

In the event of a hurriéane with winds in excess of 130 mph, the
evacuation time was calculated for total evacuation of both evacuation
and contingency zones. A1l zones in the area were treated as a unit,
The total number of vehicles evacuating was then divided by the total

hourly route capacity of all the evacuation routes,

5=h



In calculating the total hourly evacuation route capacity, all
acceptable inland routes were used. Since all of the routes extend
inland from U.S. 83-77 we assumed the full capacity of all egress routes
since U.S. 83-77 can be used to distribute the traffic for full utiliza-
tion. It should be noted that U.S. 77 was not used as an evacuation
route because it interferes with the Corpus Christi area evacuation, has
many low spots subject to early flooding and has a large section in
Kenedy County with inadequate emergency aid. The routes and their

hourly capacities off U.S. 83-77 are:

Route Capacity
U.S, 281 : 800
BR 83 (374) 800
U.S. 83 3,200
TX 107 800
FM 506 to FM 2629 to FM 1925 700 (Narrow)
FM 490 700 (Narrow)
TX 186 to FM 1017 800
7,800

The total number of evacuating vehicles for a total evacuation is
90,784 (Cameron 84,235 plus Willacy 6,549--see Tables 4-1 and 4-2).
Adding to this number the additional tourist vehicles from South Padre
Island for June, July and August (7,143) results in 97,927; for Septem-
ber and October (3,429) results in 94,213; and for November (857)
results in 91,641, Dividing these vehicles by 7,800 (the hourly evacua-
tion route capacity) the results, rounded to the half hour, are 12.5
hours (97,927/7,800); 12.0 hours (94,213/7,800} and 11.5 hours
(91,641/7,800).



It should be noted that rather than using U.S. 77 to proceed north,
routes farther inland, such as U,S. 281 and TX 186 to FM 1017 to TX 16,

dre recommended.

Part C: Use of Evacuation Time
to Estimate When to Recommend an Evacuation

After it has been determined that, because of potential surge
penetrations or potential high winds, it may be necessary to recommend
an evacuation in various zones, it is important to know when that
decision must be made.

The amount of safe time remaining should be calculated for each
hurricane advisory issued after the hurricane enters the Gulf of Mexico,
since each advisory brings new information,

For instance, the evacuation time for zone ¢3 is 12.5 hours in
June, July and August for hurricanes with sustained winds in excess of
130 mph., The idea is to determine, after each advisory is issued, how
much safe time remains before it would be too late to get the people
evacuated before evacuation routes are blocked either by wind gusting or
storm surge flooding. The following steps can be used to figure the
remaining safe time for zone C3:

Step One: Calculate the number of hours it would take for the

eye of the hurricane to cross land 20 miles to the left of the

mouth of the lower Laguna Madre (the location that can produce

the maximum conditions for that zone). For example, if the

eye of the hurricane is 400 miles from that point and is

moving at 10 mph, it would be 40 hours.

Step Two: Determine which data point or points in Appendix B

controls the potential evacuation route blockage by either

wind or surge for that zone. 1In this particular case, it
would be data points 2 and 3 for surge (these are points on

evacuation routes out of the area) and points 2 and 3 for
wind.
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Step Three: Locate information on the particular hurricane
that most closely resembles the one in the Gulf of Mexico.
This may be done by locating the particular wind speed ranges
on the left hand side. For a hurricane with sustained winds
of 135 mph the fourth wind range would be used (13l-over mph).
Next, check at the top to find the applicable column. Three
conditions determine which column to use: (1) direction of
movement to point of landfall in degrees; (2) location of
impact; and (3) forward movement speed in mph (5, 10, 15, 20).

Step Four: Locate the specific information that applies to
that particular hurricane. For a hurricane moving at 10_mph
with a wind speed of 135 mph moving directly west (2700)
truck-tipping gusting conditions would begin approximately
13.5 hours before landfall and car-tipping gusting would begin
g?proximately 10.0 hours before landfall (data points 2 and

Step Five: In order to have 12.5 hours evacuation time before
the route is blocked (which can take place 10,0 hours before
time of landfall for car-tipping gusting), the 10.0 hours (or
the truck-tipping gusting time, or the surge flooding time for
low, MSL or high tide conditions) should be added to the 12,5
hours, This gives a total of 22.5 hours.

Step Six: Since people do not begin evacuation as soon as the
decision to recommend one is made, three hours are added to
the 22.5 hours {for a total of 25.5 hours) to provide time for
the decision to be communicated to people and for people to
get packed and begin evacuating.

Step Seven: The 25.5 hours is then subtracted from the esti-

mated 40 hours before the hurricane would make landfall. This

would leave 14.5 hours before a decision would need to be made

before it would be too late. In this case, you would wait for

the next advisory and refigure the safe time remaining.

Standard operating procedures (SOP) for estimating the safe time
remaining before a decision to evacuate needs to be made after each
advisory is issued can be found in Appendix D, A description of the

ESTED-TX computer program that figures these times is in Appendix E.



TABLE 5-1
EVACUATION TIMES* BY ZONES IN HOURS

A P D A P e AR A S P AR AR S T D A P R TP N P A e e a0 e D D e S D D D D D D P D T AR e wh ml kR SS a0 aBW

COUNTY AND PARTIAL EVACUATION TOTAL EVACUATION OF
ZONE OF EVACUATION ZONES** EVACUATION AND CONTINGENCY ZONES
June Sept Nov June Sept Nov
July Oct July Oct
Aug Aug
CAMERON
Ca -- -- -- 12.5 12.0 11.5
Cp o -- S 12.5 12.0 11.5
Cy .5 .5 .5 12.5 12.0 11.5
Co 7.0 4.5 3.0 12.5 12.0 11.5
Cs3 7.0 4.5 3.0 12,5 12,0 11.5
Ca 1.0 1.0 1.0 12.5 12.0 11.5
WILLACY
Wa o5 o == 12.5 12.0 11.5
Wy 7.0 4.5 3.0 12.5 12.0 11.5
W, .5 .5 5 12.5 12.0 11.5

* Evacuation time is the estimated number of hours it
would take for all evacuating vehicles in a zone to
reach safe areas using available evacuation routes.

** Evacuation of those indicating on the survey they
would evacuate if so advised,






APPENDIX A
HURRICANE CATEGORIES

(Developed by Herbert Saffir, Dade County, Florida, consulting engineer,
and Dr. Robert H. Simpson, former National Hurricane Center Director.)

FORCE ONE--Winds of 74 to 95 miles per hour, Damage primarily to
shrubbery, trees, foliage, unanchored mobile homes and, possibly, poorly
constructed signs.

OR--Storm surge 4 to 5 feet above normal. Low-lying coastal roads
inundated, minor pier damage, some small craft in exposed anchorages
torn from moorings.

FORCE TWO--Winds of 96 to 110 miles per hour. Considerable damage
to shrubbery and tree foliage, some trees blown down. Major damage to
exposed mobile homes and poorly constructed signs. Some damage to
roofs, windows and doors. No major damage to buildings.

OR--Storm surge 6 to 8 feet above normal. Coastal roads and low-
1ying escape routes cut by rising water two to four hours before arrival
of hurricane center. Considerable damage to piers. Marinas flooded and
small craft in unprotected anchorages torn from moorings. Evacuation of
some shoreline residences and low-lying island areas required.

FORCE THREE--Winds of 111 to 130 miles per hour., Foliage torn from
trees, large trees blown down. Practically all poorly constructed signs
blown down and mobile homes destroyed. Some damage to roofs, windows

and doors and some structural damage to small buildings.
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OR--Storm surge 9 to 12 feet above normal. Serious flooding at
coast and many smaller structures near coast destroyed. Larger
structures battered by waves and floating debris. Low-lying escape
routes cut by rising water three to five hours before hurricane center
arrives., Flat terrain five feet or less above sea level flooded eight
miles inland or more. Evacuation of low-lying residences within several
blocks of shoreline possibly required.

FORCE FOUR--Winds of 131 to 155 miles per hour. Shrubs and trees
blown down, all signs down. Extensive damage to roofs, windows and
doors. Complete destruction of mobile homes,

OR--Storm surge 13 to 18 feet above normal. Flat terrain 10 feet
or less above sea level flooded as far as six miles inland. Major
damage to lower floors of structures near shore due to flooding and
battering by waves and floating debris. Low-lying escape routes cut by
rising water three to five hours before hurricane center arrives. Major
erosion of beaches., Massive evacuation of all residences within 500
yards of shore possibly required, and of single-story residences on low
ground within two miles of shore.

FORCE FIVE--Winds greater than 155 miles per hour. Shrubs and
trees blown down and complete destruction of mobile homes. Extensive
shattering of glass in windows and doors and complete failure of roofs
on many residences and industrial buildings. Small buildings overturned
or blown away.

OR--5torm surge greater than 18 feet above normal. Major damage to

lower floors of all structures Tess than 15 feet above sea level within
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500 yards of shore. Low-lying escape routes cut by rising water three
to five hours before hurricane center arrives. Massive evacuation of

low-1lying residential areas within 5 to 10 miles of shore possibly

required.
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APPENDIX B
KEY DATA POINTS BY HURRICANE TYPE

An interpretation of the data point information can be found in
Part B: Data Points of Section Two, SLOSH Data. The locations of the
23 key data points included in this appendix are displayed in a map
located on the inside of the back cover. Details of these points are
also indicated in Table 1-1.

The following cautions should be kept in mind when interpreting the
data in this appendix:

Caution 1: Wave action and rainfall are not included in
calculations.

Caution 2: Errors of plus or minus 20 percent are possible
for peak surges with accurate initial data., For
estimating, this error range can be generalized
to other data.

Caution 3: Forward movement speeds of 15 mph are based on
averaging the 10 mph and the 20 mph conditions.

Interpretive items to remember are:
FTOL stands for From Time Of Landfall,
Time is recorded in hour and half-hour units.
Maximum high tide surge is given in feet.

NC stands for Not Calculable.
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APPENDIX C
HOURLY SURGE AND WIND CONDITIONS

See Part C: Hourly Tidal and Wind Speed Data of Section Two, SLOSH
DATA for a description of this appendix.
Contents of Appendix C

Hourly tidal approaches to the Gulf of Mexico coastline at four

locations, plus two in the Laguna Madre by hurricane type (C-2 through

C-28)
Locations

Data Point Name Data Point Number
South Gulf Tides 24
South Padre Island 2
Middle Gulf Tides 25
North Gulf Tides 26
Laguna Madre Tides - Cameron Willacy Boundary 27
Laguna Madre Tides - Mesquite Rincon 28

Hurricane Types

Point of Impact Direction Forward Movement Wind Page
Speed Speed

20 Miles L of 74-95 mph  C-3

Lower Laguna 2700 5,10,20 96-110 mph C-4

Madre Mouth 111-130 mph  C-5

131-155 mph  C-6

Over 155 mph C-7

(continued on next page)



Hurricane Types (continued)

Point of Impact Direction Forward Movement Wind Page
Speed Speed
20 Miles L of 74-95 mph  C-8
Lower Laguna 3000 5,10,20 96-110 mph  C-9
Madre Mouth 111-130 mph  C-10
131-155 mph  C-11
Over 155 mph C-12
60 Miles R of 74-95 mph  C-13
Lower Laguna 2700 5,10,20 96-110 mph  C-14
Madre Mouth 111-130 mph  C-15
131-155 mph  C-16
Over 155 mph C-17
60 Miles R of 74-95 mph  C-18
Lower lLaguna 3000 5,10,20 96-110 mph  C-19
Madre Mouth 111-130 mph  C-20

131-155 mph  C-21
Over 155 mph C-22

Mouth of 74-95 mph  C-23
Lower Laguna 3450 10 96-110 mph  C-24
Madre 111-130 mph  C-25
20 Mile L of 74-95 mph  C-26
Lower Laguna 2359 10 96-110 mph  C-27
Madre Mouth 111-130 mph  C-28

Hourly tidal approach to Mouth of Arroyo Colorado (Data Point 29)
on page C-29 through C-33.

Hourly sustained winds are given for five wind speed classifica-
tions for the Brownsville Airport (Data Point 14) on pages C-34 through
C-38.



HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
20 MILES LEFT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
20 MILES LEFT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
20 MILES LEFT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
20 MILES LEFT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL

20 MILES LEFT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
20 MILES LEFT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
20 MILES LEFT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
20 MILES LEFT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
20 MILES LEFT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
20 MILES LEFT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
60 MILES RIGHT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
60 MILES RIGHT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
60 MILES RIGHT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
60 MILES RIGHT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
60 MILES RIGHT, MOUTH OF LOWER LAGUNA MADRE

QC)GOQOOQQOQOQOQOOQQMQ#NOU\N\OQMMMNQ
-—I-—cH-—‘-—l-—ln—l-—l-—!-—!M—Oo—l—l-—lﬁH-—lHNﬂMMMNNNNNNNNm

. . * [ R ar iy . . e & = . -
THrA T Al At A N A A A A A N —H - - O OO OO0 O —

OQI—GMMH-—'HM-'NNNMMVNG’OONHOF-D\DH!O—IQ'Nl.nlnc'l
L R e aE a R R A R e S
At e S et A A A A A A A TS N O N A A NSO O rd e DD OO

— v —

20MPH

COAAAAm et S NN OO O NOM T MO DS U O e
2 2 & B 8 ¥ & + e @ ° s & P o+ + & 4 8B 3 m & B & 8 o s e e a
Tl At el el S A A O O D A SR O O N OO O — oy

CO et A et A A S NN NNNN AN MO OO MO U oo
L R R T T T S-S S-S ST A A S A
-—c-—cr-n-a-—o-—oo-l-—l-—!.—c-—-.—q-—l-—q-—u—c.—cr-lQQO-—!Oo—a-—aO-—lH?Q-—c-wl

COD—rrm e At Al el e A A OO OO OO WO S - WO
R A R R R e R S e i S-S S T
-—c-—c-—u—t--|-1-—1—4--4H.—c—‘r—o.—o-—a-—q-—c-—e-—tbo—u-—coNO-—iQN?Q-—lN

* s s s . . o = e . e 8 s e . .
b e e R e e e e el e e R R N R N e R I [ [ Qe R

Over 155 MPH

CO OO0 00D 0D DO OO MmO et ONOMr OO O A0 —
[ R R R N R R R T T P - e RS- Sy S ety S ey A
Ml—io—l1—00—0!ﬂl—‘v—!v—lv—!v—.rﬂu—dc—tc—lo—l-—-ﬂu—lv—lu—iu—‘-—l!-lc—lcooocooooccov—.

-—lv—ir-iv-lt—l-—lNNNNMMMﬁ'Lﬁ\QI‘-—O(“)wmhnﬂ‘ﬂ#mclﬁmmmh‘owm\ﬁh
PR
-—c.—c-—u—n—c—o-—a.—u.—cv—c.-u—u—l-c-o—a-cNNNMmcna\-a'NN-tooooocQcm

10MPH

.-.—-.—c.—cNNNNmmmvcr:rtnmooc\oomvmthno-u-to-er—umv—amwrﬂ
PR
.—c.-n-—-l.—1.—c-—l-—u-n-—a-—a-—c.—--—c-—c-—dﬁnﬂNNHv—!OQQQQOQDQQOQDON

A A A A S NN NNM MMM ST WU S O P o WO U A0 W O LD WD et O WD

* F 3 r & 4 4 e s 5 2 ® % 8 & B % & 8 & 2 2 8 8 + w B 8 8 # s & e e ' w-a

et T T e Al A el S Al e e A e At A A O OO A O OO DO O E S -
1

SO A A At St SN NNNNNNMM I MO N~ OO0t ra WO M) O O SF smt O F
ML R R T S-S S - S-S S-Sl s AL M A e T e
T S e et e et e e e e e e e e e e D) O e et O (D O et O D O et

2700

» . s e oo . s s a » « s 8 =
At sl At Attt e e T e A A e SN N NN IO N N OO

c:»ccoc:cooo.—c—-—-—c.—a.—..—..-..-.—c.—-.—-.—-.-qoo-oonooocooomhr-.r-.r-.r-..q
A e e e
-c--u-c-—a-—-.—n—o.-n—c.-uﬁ-—c-—-—-c-—a-—c--u-n-c.—u—u—u-u—n.—-noooooccaccoc.—c

m:r-:r-ern.nmwalor-.coc\c:wmmr-omcn-.r-.oocma\oa\-:rcova\c\oooocch
e e B e e
-c--c-—tr-l-—l-u-u—l-—t--4-—GNNNNNMMH"ﬁ'm\omwr\mNN—c—cccA-—co-—c--cw

5MPH

qmmmvomhmo‘c—u—cmm#m-u-m-coom\onNanhm«o-:rmr-N—avaq-
+ ¢+ v 2 s

—l-—lc—d-—lv—l--i-—iv—tu—tNNNNNNNNNN-—‘ﬂOOQ""QD?OOOOOOQOQN

. . = s e s @ s e ¢ s a e @ - e s e =
¥

mmvvqummmmmonhhommmvwcmmmv-&mmm-—-mom\oma\
® 8 & B 4 e = e B 8 & 4 & ¢ & % = o® 8 o8 B o® @B+ % e w o»om 8 e s oss aTe
0

unoy yorg 3v peandierzuy #8ung wiors fo 1987 PeIDwizey SIS

'-O\.DQ"’"IN—‘DU\Q}?‘-‘OK‘@MNHQ-—‘NF’}Q&G@NQ@
+

ot
ST [ L
11vfpuvy fo nn,; eNnuly 4o N34 sanoy

0 e O
v —f —t
+ + +

MAX

Movement
Speed
Direction,
Windspeed

-24

-23

-22

=21

=20

C-17



HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
60 MILES RIGHT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
60 MILES RIGHT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
60 MILES RIGHT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
60 MILES RIGHT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
60 MILES RIGHT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
AT THE MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
AT THE MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
AT THE MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
20 MILES LEFT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
20 MILES LEFT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES MAKING LANDFALL
20 MILES LEFT, MOUTH OF LOWER LAGUNA MADRE
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HOURLY SURGE CONDITIONS FOR HURRICANES (74-95 MPH)
FOR MOUTH OF ARROYO COLORADO
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HOURLY SURGE CONDITIONS FOR HURRICANES (96-110 MPH)
FOR MOUTH OF ARROYO COLORADO
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HOURLY SURGE CONDITIONS FOR HURRICANES (111-130 MPH)
FOR MOUTH OF ARROYO COLORADO
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HOURLY SURGE CONDITIONS FOR HURRICANES (131-155 MPH)
FOR MOUTH OF ARROYO COLORADO
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HOURLY SURGE CONDITIONS FOR HURRICANES (OVER 155 MPH)
FOR MOUTH OF ARROYO COLORADO
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HOURLY SUSTAINED WIND SPEEDS FOR HURRICANES (74-95 MPH)
FOR BROWNSYVILLE INTERNATIONAL AIRPORT
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HOURLY SUSTAINED WIND SPEEDS FOR HURRICANES (96-110 MPH)
FOR BROWNSVILLE INTERNATIONAL AIRPORT
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HOURLY SUSTAINED WIND SPEEDS FOR HURRICANES (111-130 MPH)
FOR BROWNSVILLE INTERNATIONAL AIRPORT

N AN ODARNSNOWUOODNROOODDONNON AN
A A N R I O N R R R B R N A S A

m-:rmmnmm—-«mmobwva—nhva—aa\wmmwr-.-:r-aoo\ommwmm
—t et et A vt O NN M M S S DD O WU T M OO e e O

3000

—-mmm—-.«mmmwmo\hmomcﬂoomqumcoNQNth
e % 2 ® ® & ® % & ® 3 % ® ® ® @ ®w o ® % % % e ® e e 5 & = % 3 4 b =

NNf"J'd‘mlﬂl"-mO\HNK‘!&N\DOSN‘DO@M&NQ#-—Gchhu‘bm:\l\o
el el o e e O OO O O T W WO WD T S N O OO el et e D

2700

20 MPH

P P NNt S NN OO UOMRONMMOT OO OO T O W00 W
e s s s e @ % ® s w a s =2 % ® e # ® e ® @8 e & 3 & F + & = ® @ & 4

NNM:"LOIQHQQ—IM\DQ\MO‘#&O-—IWOLON\DF- O oW = h D O

3000

N N OC M~ NONG MW MO PO M ONOME
e e e e s m s e & 4 ® #® e ® e @ @8 ®B ® # % ¥ a & ® & & & & s a2 & =

NN!"‘JE]‘U‘I‘OI“-CDONH’\DOQ‘-—!D#‘QNQH-—OMO-—CG\NI‘-I‘*-MF-Q‘D
ot e et e I NN A M DO OO M MWD UM O N ——
e

2700
12

s L] [ - - - - -
- A A I O R R + 8 s a e a T s s s s w
O\QHNMQ’\DP‘-G&DMM‘!“)-—!K)G\\!}F*QO\-—!#LONOMNQO\QN&DO\DNQW
HOANNONNONNmMEM M S OO Ch QOO W Mo

3450
1
11
11
11
10
11

I"'-lOlOMQQ'OND‘OI’-M'—lﬂ'MD&DNND\O\\O-—lo—I(“-t—lNG\-—!\D-—ll‘--a\l‘--lDU—CN
e s e s 4 &+ 8 & s s % ® 8 & @ ® 4 s 2 %+ ¢ & & » 4 & ° o & & 2 s & 3

OF!NMLDLDQG‘IHMRDG"N%DFG\DMFOO—!NO\NNDGO\LDU)EOO\MW#-—ICDMU\

2350
1
1

vamomc\lcmrﬂhmmmm—cmoNmor-r-mm-—cmow.—uﬂm-—u—cmqrm
s e s e e r ® 8 % s % ®8 e ® 8 % ® & 8§ w o+ v a2 s w 4 B &£ & ¢ @ ¥ & & & =

N U RN ONMOD S 0NN WW MO0 O G0 WY O N P~ 3 O D
IO O IO B M M O O ) F W W0 W0 WD 0 W0 WD WD O WD T M eN NN A O N WO

3000

10 MPH

CWUMT T T COUONNDOT S0 00 MWW NG MWW 006D N WO W
e s s 4 4 % 8 % 8 2 s # ® m 8 # + ® s s @ s %+ &£ T ¥ 4+ & s s 4 0 & & ¥ ¢

ped el RN NN N e O R N W N s TR R oy Ve N T R T R e o MDA N NS WD

2700

e TN ORMAOOOT MM CMM P TS O ) e U D et WO O™ T
T e s+ s e s s e ® 8 3 s 5 m s e ® % 8 8 & % & ¥ 2 s » & 4 & = & s & &

CDO‘DHN(")\TLOI"-G\OMU‘!&MIQO\LHNOQMP‘-LD%‘-D\DN“)WG\N!OOI{!'—IHD
L)

3000

OO OW O U 00 M DU O md =l GO P N WO O WO O 00 M WD e P T 00N
e e e e e e & s B s s % s e e ® 4 4+ % w8 % w & & 8 s » & F + F 3 4 4 = =

oaoso-—-wmmmooom.—am:gmm‘o.—ch.qrm WO MO~ O
-t

27q¢

s s ® s = . . * s e . ® 8 e + a s 2 v = + 2 82 & + 4+ % o s = & *
.-m-:ru:coc'\-—cmmh-.m-cm-:rmto:-r-r-r-.\o-u'm—ua\uommgmowto-:rmawr-.
o S o SF oF WD A0 LD LD WO WO WO WO W0 W0 W WO W WO WD W0 D WO 0D D o = MY MO0 MO D

3000

OO ONONDWM =N WVI RN IOMONOW WL SO
s 8+ % &+ 2 e m 8 % # 2 & & m s ® s 8 8 ® & 4 & & % ® w 2 & s & b & 2 0+ &

— O AT D 0D ON O M D QOHMQ'HDHCOO\G\OQWI“-Q'F'U\\O'-'-l‘NQCDl.ﬂmC’
Mmoo MmMmeyMm s o S DWUWOVLBD OSSO IS TS ST MmO

2700

. . . » + = 8 = 0w a0+ 2 % a2 2 o = = 8 s %+ + %t ® B 2 2 b =
O MDD P O ol O T N et ANOSTOCWMOVNST OWNWW MMM WMo
— =t —

3000

« 4 * & &+ = B % 8 a3 v =
oD e 00 O O MWD MO M e e L OO MDD ST OO0 a P O e O P ™o WD
=4 - -

2700

anoy yovg 3o peandiozauy eBang wlolg JSo e84 peipuriey R50TS

-24
-23
-22
-21
=20
-19
-18

-17
-16

O NEO OO MNAHAO AN W00
— e
AR R I R I R D O B B I BN N N L N B
11vfpupy fo sulg enuiN g0 enld eunoy

Movement
Speed
Direction

C-36



HOURLY SUSTAINED WIND SPEEDS FOR HURRICANES (131-155 MPH)
FOR BROWNSVILLE INTERNATIONAL AIRPORT
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HOURLY SUSTAINED WIND SPEEDS FOR HURRICANES (OVER 155 MPH)
FOR BROWNSVILLE INTERNATIONAL AIRPORT
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APPENDIX D
sop

STEP ONE

Estimate the time the eye is to cross coastline. This time can be
estimated by dividing the distance of the eye from the probable point of
landfall by its forward movement speed. For safety purposes, other
possible points of landfall that could place your area in greater danger
should also be considered.

Example One: If a storm 250 miles from Port Isabel were heading
toward Port Isabel at 5 mph, then the estimated time the eye would cross
the coastline would be 250 divided by 5, or 50 hours.

50 hours

5 mph | 250 miles from Port Isabel

Example Two: If a storm were 300 miles from Port Isabel and
heading toward Corpus Christi at 5 mph, you would want to consider what
would happen if the hurricane would change its course and head toward
Port Isabel. Divide the distance by the forward movement speed to
estimate the time the eye could cross the coastline; this would be 60
hours.

60 hours

5 mph |‘300 miles from Port Isabel
Now place those hours in the upper portion of the Step One box and

count forward in time and place the estimated day and hour the eye of
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the hurricane will cross the coastline in the lower portion of the Step

One box (D-6).

STEP TWO

Determine the possible cut-off times for critical data points that
affect your area. Data point locations can be found in the map located
inside the back cover of this report. You will have to determine which
data point or points can indicate a blockage on the evacuation route or
routes controlling your area, or which data points represent areas where
wind gusting conditions could make travel hazardous in the zone.

Suggested data points by zone are:

Surge Wind

Cameron

Ca S 13, 14

CB S 17, 20, 21

¢y 1 1

C2 5, 6,8, 9, 10, 11 4, 5, 6, 15

C3 2, 3 2, 3

Ca 6 12
Willacy

Wp See 18, 19, 22

Wi 2, 3 2, 3

Wy 7 7

These point locations are numbered and can be found by these

numbers in Appendix B. In Appendix B, route cut-off times are given by
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storm type. There are 70 storm types displayed for each data point.
Your first step is to find the row with the appropriate wind speed. The
classifications are:

74- 95 mph

96-110 mph

111-130 mph

131 mph and over
When you have found the proper row, you can find which of the six
columns to use by the direction the hurricane is heading (in degrees)
and its anticipated point of landfall (See Figure 1-2 for Simulated
Hurricane Tracks). Since you may not find the exact hurricane direction
or point of landfall, you may have to do some estimating. These storms
were chosen because they can pose the greatest threats to the area,
however, with the changeable nature of hurricanes, it is well to plan on
the worst case. Once you have found the row and column, the movement
speed will determine the exact column. The route cut-off time should be
determined either by surge penetration or by wind gusts for car tipping
(65-70 mph), whichever has the earliest cutoff time.
Now place the number of hours in the top half of the Step Two box.

If it is a minus figure, count backwards in time (if it is a rare plus
figure, place a "0" in time) and figure the estimated day and hour the

evacuation route will be blocked and place that day and hour in the

bottom half of the Step Two box.

STEP THREE
Estimate the probable evacuation time needed to evacuate your area
and/or zones. This can be done by determining the location of zones in

your area on the enclosed fold-out map. This fold-out also gives the
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estimated times for two differing storm conditions., If winds are 130
mph or less, use the estimated hours in the first column; if winds are
in excess of 130 mph, use the estimated hours in the second column.

Now place the number of hours in the top of the Step Three box and

go backward in time and place the proper day and hour in the lower

portion of the box.

STEP FOUR
Adjusted time estimates consist of adding three hours to Step

Three. It is estimated that it will take about one hour to warn the

people to evacuate, another hour for them to prepare to evacuate, and
another hour to establish a monitoring system that will permit maximum
use of the evacuation routes,

Now place the number of hours in the top of Step Four box and then
go backward in time and place the proper day and hour in the lower

portion of the box.

STEP FIVE

Final adjustment factors should include the unpredictability of
hurricane intensification or weakening, varying forward movement speed,
changing direction, and evacuation route blockage by unexpected
rainfall.

Now place the number of hours (if any) in the top of the Step Five
box and then go backwards in time and place the proper day and hour in

the lower portion of the box. This now gives you the time the

evacuation needs to begin to evacuate the residents in your area and/or
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zones. To facilitate traffic control, the Texas Department of Public
Safety regional office needs to know when an evacuation is going to be

recommended.

CAUTION

Your evacuation needs to be coordinated with other areas that may
be affected by evacuation of your area.

Example One: You are located some distance inland and you decide
to play it safe and call for an evacuation of your area long before it
would be needed. How could this possibly affect any other area? It
could cause confusion in more vulnerable areas where an evacuation has
not yet been recommended.

Example Two: You are located in a vulnerable area and you
recommend an evacuation long before the circumstances would indicate the
need for an evacuation. What effect could this have on other areas? It
could start persons evacuating in the areas through which your evacuees

would travel.

D-5



ESTIMATED EVACUATION TIMES

Advisory No. Advisory No. Advisory No. Advisory No.

Day __ Hour ___ Day ___ Hour ___  Day __ Hour __  Day ___ Hour __
Add time remaining before landfall:
+ {hours) + {hours) + (hours) + {hours)
Step One: T T T )
I I | I
1 1 I |
(Day) (Hour) (Day) (Hour) (Day) (Hour) (Day}) {Hour)
Subtract time before landfall evacuation routes blocked:
= (hours) - (hours) - (hours) N {hours)
Step  Two: T I I T
l 1 - |
| H i 1
(Day) (Hour) (Day) (Hour) (Day) (Hour) {Day) (Hour)
Subtract evacuation time:
- {hours) - (hours) > {hours) S (hours}
Step Three: T I 7 T
| I 1 i
| 1 | 1
(Day) (Hour) (Day}  (Hour) (Day) (Hour) (Day) (Hour)
Subtract time needed for information dissemination and packing:
-3 (hours) -3 (hours) -3 (hours) = (hours)
Step Four: T T ; q
' i | I
| 1 | I
{(Day) (Hour) (Day) (Hour) (Day) {Hour) (Day) {Hour)
Subtract any final adjustment time:
= (hours) S (hours) - (hours) - (hours)
Step Five: ) T T T
| | | !
[ ] ] |
{Day) (Hour) (Day)  (Hour) {Day) (Hour) (Day) (Hour)
Note: Compare the results of Step Five to the time the advisory was issued to obtain

the estimated safe time remaing before an evacuation decision needs to be made.
For more information on evacution time estimating procedures see Section Five.
Use of 24 hour mode, i.e., 20:00 in place of 8:00 pm, etc., will simplify
calculations,



APPENDIX E
ESTED-TX

ESTED-TX is an acronym for a computerized program to Estimate Safe
Time remaining before Evacuation Decisions (TeXas Coast) must be made.
The program is not designed to tell when you need to recommend an
evacuation, but how much "safe" time remains before it will be too late
to recommend an evacuation.
ESTED-TX is currently available for most computers which use the
C/PM operating system (C/PM is a registered trademark of Digitatl
Research), It is also available for IBM compatible computers and Apple
computers. Additional information regarding the availability of the
program can be obtained by contacting the Texas Agricultural Extension
Service of The Texas A&M University System. Inquiries should be
addressed to:
Computer Services Unit--TAEX
USDA Building, Room 133
Texas A&M University
College Station, Texas 77843
Phone: (409) 845-3929

This section describes:

1. What is ESTED-TX?

Cautions Using ESTED-TX

Understanding Internal Calculations of ESTED-TX

£ W™

How To Use ESTED-TX

5. Understanding ESTED-TX results
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What Is ESTED-TX?

ESTED-TX takes information provided in each hurricane advisory
jssued by the National Hurricane Center and figures the remaining safe
time before an evacuation decision needs to be made for a particular
coastal area.

The program considers five conditions for indicating safe time to
decision makers. These conditions are:

1. Storm surge at low tide

2. Storm surge at mean sea level

3. Storm surge at nhigh tide

4, MWind gusting conditions that could tip cars (gusts of 65-
70 mph)

5. Wind gusting conditions that could tip high profile vehicles
(gusts of 50-55 mph)

The actual decision to recommend evacuation should consider the
potential death and destruction the hurricane can inflict upon the area
in question,

Because hurricanes can increase or decrease their forward movement
speed and/or their windspeed, these critical factors can be changed in
anticipation of the actual hurricane conditons changing. The decision
maker is given the opportunity to “"simulate" his own scenarios in order

to be prepared for all possibilities.



Cautions Using ESTED-TX
Cautions regarding use of the program include the following:

1. The program does not consider wave action in evacuation
route cutoff time unless there is a large body of water of
sufficient depth over which waves can be generated, such
as the Galveston, Corpus Christi and Nueces Bays.

2. There is no way to include rainfall in these calculations.
It is possible for a hurricane to stall and dump
unexpected amounts of rainfall at any location. The
slower a hurricane moves, the more rainfall it can pro-
duce. Maximum rainfall can be estimated roughly by di-
viding 100 by the forward movement speed to indicate
inches of rainfall,

3. Wind estimates are based on the generated wind fields
which SLOSH used to predict storm surge. Surge conditions
have been checked by using data from historic hurricanes.
However, there has been no systematic attempt to double
check estimated windspeeds at data points or the windspeed
arrival times.

4, No attention has been given to the advantage of evacuating
during daylight hours.

5. Anticipated time of landfall printout numbers should be
disregarded for hurricanes moving parallel to the coast.

Understanding Internal Calculations of ESTED-TX
The calculations performed by ESTED-TX should be understood if the
user is to have confidence in the program. The "safe" time remaining
before it would be too late to compiete an evacuation is calculated by

performing the following sequence of steps.

1. The latitude and the longitude of the hurricane is used to
determine the distance from each point of landfall as well as the

direction of movement of the hurricane. The distance the eye of the
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hurricane is from the point of landfall is divided by the forward
movement speed to arrive at the number of Hours Before Landfall (HBL).
320 miles / 10 mph = 32 hours

2. The amount of Time Before landfall that the Storm Conditions
(TBSC) will block major escape routes is determined from the SLOSH data.
These evacuation route cutoff times are calculated for differing storm
surge conditions (low tide, MSL and high tide) and wind conditions (car
tipping and high profile vehicle tipping ). Each zone has specific data
points which are used to determine these cutoff times, The Brownsville

points are distributed in the zones as follows:

Zone Surge Wind

Ca --- 13,14

Cg S 17,20,21
Cq 1 1

Co 5,6,8,9,10,11 4,5,6,15
C3 2,3 2,3

Cq 6 12

W S 18,19,22
W) 2,3 2,3

Hz 7 7

Because evacuations must be completed before evacuation routes are
blocked, TBSC is subtracted from HBL. The result is the time remaining
for an evacuation to be completed.

Note that in these calculations, if any evacuation route is to be
blocked after the time of landfall, that amount is not added since it
would be unwise to plan an evacuation that could not be completed before
the time of landfall. Also, wind conditions were considered as not only
blocking key evacuation routes, but also blocking vehicular movement

within a zone.
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3. The amount of Time needed for an Evacuation (TE)for each zone
under varying conditions is determined from surveys and analysis of the
evacuation routes. This time is also subtracted from the remaining
hours to determine how much time remains before an evacuation must begin
in order to be completed before the routes are cutoff. Three
additional hours are subtracted from this time because there is a Time
Delay between when the decision to evacuate is reached and when the
public has a chance to receive the information and begin evacuating.

The final SAFE TIME is determined by the following formula.

HBL - TBSC - TE - TD = SAFE TIMF
This "safe" time, which is a number of hours, is added to the time of
the weather bulletin to arrive at the latest "safe" time to recommend an
evacuation.
WED 17:00 HOURS + 20 HOURS = THUR 13:00 HOURS

(Time of Bulletin + Safe Time = Latest Safe Time)

How To Use ESTED-TX

The program hardware consists of a CRT terminal, floppy disk
drives, the CPU (Central Processing Unit), and a line printer. The
ESTED-TX program is stored on a five and a quarter inch single~sided,
double density, standard CP/M format diskette. This diskette must be
stored in a cool, dry, dust-free location. It should never be bent, and
the plastic surface should not be touched. It is also important that
the diskette be stored in a static-free and magnetic-free location to

prevent partial or total erasure of the program.
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Since the program is subject to revision and updating depending on
population growth and additional evacuation route availability, caution
should be exercised to ensure you have the most recent version of the
program. The version date can be found at the top of the screen.

Before this diskette can be used, the operating system must first
be loaded into the computer. This is usually done by placing the system
diskette into the disk drive labeled "A" and pressing the reset button.
This sequence may vary from one system to another; refer to your
computer user's guide for this information. After this has been done, a
prompt (usually "A>") will appear on the CRT, signaling that the
computer is ready with the system loaded. This prompt indicates that
the disk drive "A" is the primary drive. Now the program diskette
should be placed into the disk drive labeled "B". The diskette label
should be up for horizontal drives or to the left for vertical drives.
Next, type "B:" and press the return, enter, or new line key. Now
another prompt {(usually "“B>") will appear on the CRT screen, signaling
that the second drive is ready and is now the primary drive. At this
point make sure your printer is turned on and continuous feed paper is
properly loaded.

To run the program, simply type "ESTEDTX" on the CRT keyboard and
press the <return>, enter, or new line key. The first three screens
will be the Notice, Objectives, and Instructions. After reading each
screen you may push any key to see the next screen. The fourth screen
w111'look like Figure E-1. The cursor will be positioned at the first

question. Enter the forward movement speed of the hurricane that is



FIGURE E-1
SCREEN #1 OF QUESTIONS

ESTED-TX

_-----_----------.-----_—----..----------------—-,---—---......--_---.-..--_—--

HURRICANE MOVEMENT SPEED IN MPH (MPH = 1-20):"% 10

HURRICANE WINDSPEED IN MPH (MPH = 74-200) = 109
LOCATION OF HURRICANE SAMPLE
g ANSWERS
LATITUDE (DEGS = 19.0 - 30.0) = 25,7
LONGITUDE (DEGS = 81.0 - 98.0) = 95,3
ENTER NUMBER OF DESIRED COASTAL AREA (1-5) = 4

1. LAKE SABINE

2. HOUSTON-GALVESTON
3. CORPUS CHRISTI

4. BROWNSVILLE

5. ALL FOUR AREAS

ANSWER THE INQUIRY AND PRESS 'RETURN' OR USE THE ARROW
KEYS TO MOVE TO ANOTHER QUESTION




given in the advisory. Press <return> and the cursor will move to the
next question. Answer the next four questions in the same manner.
Notice the numeric range for each answer. A message will be printed at
the top of the screen if your answer is not within the requested range.
If this happens, simply answer the question again and press <return>.
After you have answered the last question regarding the desired coastal
area, hit <return>.  You will now see a question which gives you the
option of correcting any errors on the previous screen. Answer the
question accordingly and hit <return>.

You may correct your answers by moving the cursor to the desired
question and typing a new answer. When you have made the corrections
you want, you must answer the last question again to move on.

The next screen will ook like Figure E-2. Enter the date and
time the weather advisory was issued. DO NOT use the current time you
are using the program! After you have completed these three questions
you are given a chance to correct your answers again. Answer these
questions accordingly if you wish to make corrections. The calculations
will begin after you have answered all of the questions. The computer

will keep you posted on what it is doing.
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FIGURE E-2
SCREEN #2 OF QUESTIONS

ESTED-TX
SAMPLE
HURRICANE BULLETIN ISSUANCE: ANSWERS
DATE (MM/DD/YY) =8
(MILITARY TIME) HOUR OF DAY (MRS = 0-24) =5 : _
MINUTES (MINS = 0-60) = 00

ANSWER THE INQUIRY AND PRESS 'RETURN' OR USE THE ARROW
KEYS TO MOVE TO ANOTHER QUESTION

Understanding ESTED-TX Results

Results of these inputs will be in the form of a map of the area
and a table of evacuation times for all evacuation and contingency zones
in the requested coastal area. The zones for the Brownsville area are
indicated in Section Three of this report. If the Brownsville area is
selected, information will be printed for the anticipated points of
landfall , 20 miles left of the Tower Laguna Madre mouth and 60 miles
right of the lower Laguna Madre mouth. The map is printed first and is
used as an early warning of the critical zones in the area. Refer to

pages E-12 and E-14 for an example of the map. A zone is considered
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critical if there is less than six hours of "safe time" remaining. A
zone with three to six hours remaining is designated with an "*" in
front of the zone label (*EX). A zone with less than three hours
remaining is designated by an "*" on both sides of the zone label
(*EX*). These critical zones are also listed in a summary at the bottom
of the map. The critical zones should be further analyzed by using the
table of evacuation times.

The evacuation table gives the last time an evacuation should be
recommended for each zone and storm condition. Refer to pages E-13 and
E-15 for examples of the table. If the time remaining before a decision
needs to be made is a negative value (that is, has already passed), it
will be indicated by the letters "TL"--meaning Too Late. Contingency
zones are assumed to be unaffected until windspeeds reach 131 mph, for
this reason these zones are left blank for storms with lower windspeeds
(except the Lake Sabine Area where the cutoff windspeed is 111 mph}.
A1l of the symbols which are used in the table are described in a
summary at the bottom of the table.

To clearly understand how to read the map and table as a unit,
refer to the examples on the following pages. A map and a table are
created for each point of landfall. To illustrate how this information
is related, the critical zones are shaded on the map, in the summary at
the bottom of the map, and in the evacuation table. You can easily
follow the steps of recognizing a critical zone on the map and summary

and then finding the specific times associated with that zone in the

table,
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The earliest listed time (and the time used to indicate critical
zones on the map) is almost always for high profile vehicle (trucks,
busses, vans, etc...) wind tipping gusts. This is the safest time for
you to use for purposes of recommending an evacuation. However, there
may be occasions when due to a sudden shift of the hurricane it may be
too late to use this earliest listed time. In this event you would want
to use the next earliest time which would be from one of the remaining
four conditions (car tipping, surge flooding for low, MSL, and high
tide). High profile vehicles should be encouraged to evacuate early to
avoid the possibility of blocked evacuation routes from the wind gusting
which will occur closer to the time of tandfall. For easy reference,
this second summary of critical zones which excludes the wind tipping of
high profile vehicles is also at the bottom of the map and is the last
column in the table.. This alternative summary of critical zones should
only be used after the first summary has been made obsolete due to the

reasons already mentioned,



ESTEDTX TIME EYACUATION MAP DATE: 9/5/85
UPDATE 9/85 BROWNSYILLE AREA BULLETIN TIME: 11:00

FOR A HURRICANE MAKING LANDFALL AT
A POINT 60 MILES RIGHT OF LOWER LAGUNA MADRE MOUTH

ESTIMATED SAFE TIME

REMAINING FROM BULLETIN DESCRIPTION
T L-3.0 HOURS *XX* AN **' APPEARS ON BOTH $SIDES OF IONE LASEL
3.1-6.0 HOURS *XX AN '*' APPEARS IN FRONT OF ZONE LABEL
OVER 6 HOURS XX  IONE LABEL

KENEDY COUNTY

W2

Id—l—ld—l-‘
— ol m— —) —d —

MEXICO

CAMERON  "1_
COUNTY 1
T

IT : ?&2*‘ : ZONES
MEXICO

ESTIMATED SAFE TIME
REMAINING FROM BULLETIN

TOO LATE o
0.0-3.0 HOURS -
3.1-6.0 HOURS -Gl

EXCLUDING HIGH PROFILE VEHICLE TIPPING (NOT INDICATED ON MAP)

TOO LATE s
0.0-3.0 HOURS - L3l
3.1-6.0 HOURS -- L2

15

E-12

CRITICAL



ESTEDTX EVACUATION TIMES FOR ZOMNES IN THE DATE: 9/5/85
UPDATE 9/85 BROWNSVILLE AREA BULLETIN TIME: 11:00

FOR A HURRICANE MAKING LANDFALL AT
A POINT 60 MILES RIGHT OF LOWER LAGUNA MADRE MOUTH

HURRICANE MOVEMENT SPEED IN MPH: 10
HURRICANE WINDSPEED IN MPH: 100
BEARING OF HURRICANE IN DEGREES: 311.8
NUMBER OF MILES FROM LANDFALL: 196.84
LOCATION OF HURRICANE:
LATITUDE 25
LONGITUDE 95
EARLIEST
ANTICIPATED 1  BASED ON SURGE FLOODING 1 1  WIND TIPPING 1  LISTED
TIME OF 1 MEAN SEA b1 H. PROFILE EXCLUDING
LANDFALL  LOW TIDE LEVEL HIGH TIDE CAR VEHICLE H. PROFILE

IN DAY HR:MN DAY HR:MN DAY HR:MN DAY HR:MN DAY HR:MN DAY HR:MN DAY HR:MM
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n = : g g 3 g E gl e e
s prchied e i i R R ik
% : HE 5 Bt
fote s 0 T e i e ¥
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=
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. . . . - o Wl S | conc ,,
Vi Ui “.ba‘w‘“d R i e e {x
: : e SR i o e %
%?@% S e “
W 6 6:30 . . - A 55 0:00
WA o’ 2 : .

H. PROFILE VEHICLE - HIGH PROFILE TRUCKS, BUSSES, VANS, etc... CRITICAL

T L IT IS TOO LATE TO EVACUATE A ZONE ZONES

N C VALUE IS NOT CALCULATED

. . VALUE IS CALCULATED BUT IS NOT SIGNIFICANT

VALUES FOR CONTINGENCY ZONES ARE NOT CONSIDERED SIGNIFICANT UNTIL WIND SPEEDS
EXCEED 130 mph,

AN “*' BY THE MONTH INDICATES THAT THE MONTH HAS CHANGED TO THE NEXT,

- - - - - - *




ESTEDTX TIME EVACUATION MAP DATE: 9/5/85
UPDATE 9/85 BROWNSVILLE AREA BULLETIN TIME: 11:00

FOR A HURRICANE MAKING LANDFALL AT
A POINT 20 MILES LEFT OF LOWER LAGUNA MADRE MOUTH

ESTIMATED SAFE TIME

REMAINING FROM BULLETIN DESCRIPTION
T L-3.0 HOURS *XX* AN '*' APPEARS ON BOTH SIDES OF ZONE LABEL
3,1-6,0 HOURS *XX AN '*' APPEARS IN FRONT OF ZONE LABEL
OVER 6 HOURS XX ZONE LABEL
KENEDY  COUNTY 1
1 T
1 1
1 1
] 1
1 1 W2
_j i
T WA 1
1 1
] T
) ]
1 1
1T 1
1 )
1_ 1
1 1
T c8 1
1 1
1 1
1 1
CAMERON  ~1_ 1
COUNTY = 11_ CRITICAL
% ZONES
1 T
1 a0
1
—T_ CA
1
T 1
MEXICO T
T
1 MEXICO
1
_1
1
1
ESTIMATEQ SAFE TIME

REMAINING FROM BULLETIN AFFECTED ZONES

T0O LATE --
0.0-3.0 HOURS -- 1
3.1-6.0 HOURS -- Sl

EXCLUDING HIGH PROFILE VEHICLE TIPPING (NOT INDICATED ON MAP)

T00 LATE --
0.0-3.0 HOURS -~ C2C3ul
3.1-6.0 HOURS - ¢l
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ESTEDTX EVACUATION TIMES FOR ZONES IN THE DATE: 9/5/85
UPDATE 9/85 BROWNSVILLE AREA BULLETIN TIME: 11:00

FOR A HURRICANE MAKING LANDFALL AT
A POINT 20 MILES LEFT OF LOWER LAGUNA MADRE MOUTH

HURRICANE MOVEMENT SPEED IN MPH: 10
HURRICANE WINDSPEED IN MPH: 100
BEARING OF HURRICANE IN DEGREES: 292.06
NUMBER OF MILES FROM LANDFALL: 146.38
LOCATION OF HURRICANE:
LATITUDE 25
LONGITUDE 95
EARLIEST
ANTICIPATED 1  BASED ON SURGE FLOODING 1 1  WIND TIPPING 1  LISTED
TIME OF 1 MEAN SEA 11 H. PROFILE EXCLUDING
LANDFALL  LOW TIDE LEVEL HIGH TIDE CAR VEHICLE H. PROFILE

IN DAY HR:MN DAY HR:MMN DAY HR:MN DAY HR:MN DAY HR:MM DAY HR:MN DAY HR:MN

| :i* iﬁhv”ﬁﬁ zgﬁgﬁjiﬁﬁff¥§g§§9igg g%gg;
wy%é.\ﬁﬁh aﬁ ﬁ*m ’sa f:iéae» »35 4 130
56 . S5 19 30 55 1?

CA
%%g? %m %,%W m**m % Jm %&“‘ﬁign
WA 5

- - - L] - L] -

H. PR{)FILE VEHICLE - HIGH PROFILE TRUCKS, BUSSES, VANS, etc... CRITICAL
TL IT IS TOO LATE TO EVACUATE A ZONE
N C VALUE IS NOT CALCULATED ZONES

. . VALUE IS CALCULATED BUT IS NOT SIGNIFICANT

VALUES FOR CONTINGENCY ZONES ARE NOT CONSIDERED SIGNIFICANT UNTIL WIND SPEEDS
EXCEED 130 mph.

AN '*' BY THE MONTH INDICATES THAT THE MONTH HAS CHANGED TO THE NEXT.
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NOTE: EACH STORM SURGE LINE IS A COMPOSITE OF
MAXIMUM SURGE PENETRATION OF ALL SIMULATED
HURRICANES.

WIND SPEED 74-95 MPH ...l .
96-110 MPH — . —.__ — e . !
111-180 MPH  —— —_ _ _ _ A
Over 131 MPH &




POSSIBLE ESTIMATED STORM
SURGE PENETRATION FROM HURRICANES
WITH VARYING WIND SPEEDS
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Evacuation Zones: Areas that can be flooded by storm surge.
Evacuation should be considered for hurricanes with sustained
winds up to 130 mph,

Contingency Zones: Areas subject to dangerous winds from
hurricanes with sustained winds in excess of 130 mph. [—— Tresd
Evacuation should be considered for hurricanes with Pt i
sustained winds over 130 mph. ¥

1 Evacuation Zone (subscript numbers) :_} Gy ‘.L{r'“
Contingency Zone (subscrip! letters) e i e N

=== Evacuation Routes

0 5 10 MILES
Estimated Evacuation Time in Hours by County and Zone*
Partial Evacuation* Total Evacuation** i

June June I

July Sept, July Sept. |
August  Oct. Nov. August Oct. Nov.
Cameron C, 05 0.5 0.5 12.5 12.0 1.5
Cs 7.0 4.5 3.0 12.5 12.0 11.5
Ca 7.0 4.5 3.0 12,5 12.0 15
Ca 1.0 1.0 1.0 125 12.0 11.5
Ca e S o 12.5 12.0 115

Ce - - - 125 12.0 115 \
Willacy W, 7.0 4.5 3.0 12.5 12.0 115
We 0.5 0.5 0.5 12.5 12.0 11.5
Wa 125 120 115

* Evacuation of only those in evacuation zones indicating they would
evacuate if so advised. Used for hurricanes with sustained winds up
to 130 mph.

** Total evacuation of all evacuation and contingency zones. Used for
hurricanes with sustained winds over 130 mph.



